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POWER SPI_CTRAL DENSITY OF ECHO 11
REFLECTED SIGNALS

I. INTRODUCTION

This report deals with the power spectra of pass_- e sate]!ite-
reflected signals. The receiving site is The Ohio State Ur:verslty
Satellite Communications Center; the transmitting site is the Collins
Space Communications Facility, Dallas, Texas. The passive satellites
utilized were Echo I and Echo II; the signal was cw at 2260 lVlc/sec. The

main objective was to obtain the power spectra of signals reflected by
Echo II; the pQwer spectra of Echo I reflected signals are included for
comparison. The purpose of this report is to present experimental data,
to analyze reduced experimental data, and to describe the methods by
which the data were collected and processed.

A sample of the experimental'data is shown in Fig. 1. The\ signal
originated from Y_llas as cw at 2260 Mc/sec and was reflected by Echo [
during revolution 2626. The amplitude of the transmitted signal was kno_
witt, in one db and it was constant within less than_one db. Tracking in-
accuracies, gain instabilities, and other effects could have contributed,
at the most, two to three db to the amplitude variations. However, the
variations in the amplitude of the received signal exceeded, by at least
one order of magnitude, the variations that could be ascribed to equip-
ment insmbilitie,. The received signal was down-converted to baseband
and amplitude de-modulated. The output voltage of the detector (shown

in Fig. 1) is proportional to the amplitude modulation present on the cw
signal, and appears to be a randomly varying quantity. To obtain in-
formation about the frequencies present in the signal the power spectral
density of the detector output was obtained; the PSD curves were obtaine
by the analog technique. Description of the analog equlpment is given in
the Appendix; the passband characteristic of this equipment and the band
width of the filter in it, as well as the effect of these on the PSD curves,
not considered here. The power spectrum of a signal can also be obtaine

by Fourier transformation from its autocorrelation function. This procec
has been adapted by R.T. Compton z to tl_e particular problem of Echo-
reflected signals and the autocorrelation {unctions thereof; it is also
included in the Appendix. There are numerous autocorrelation functions
available which were obtained by digital technique from sampled data.
The PSD curves obtained from these ACFs are also included in this repo
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Detailed description of the receiving system has been published

by EbezleS; an accurate description of the transmitting site is also
available. _

il. POWER SPECTRAL DENSITY CURVES OF PASSIVE

SATELUTE-REFLECTED SIGNALS OBTAINED BY
THE ANALOG METHOD

The power spectral densltycurves of _asslve satelllte-reflected
signals obtained by the analog method are shown in Figs. Z-8. These
were obtained from cw slg,/als reflected by Echo II during revolutions

Z6Z6, Z653, Z816, 3040, and 3483, and by Echo I during revolutions
18, 166 and 18,966. The data from which these PSD curves were .nade

were representative of all cw data collected on Echo II revolutions %000-

3500, and Echo I data were selected from the same period during whlcn the
above Echc II revolutions occurred.

These figures show that most of the energy is between zero and
about twelve cps. Higher frequency components, if present in the
original signal, contribute negligibly to the frequency spectrum. PSD
analysls on other Echo data was carried out to a maximum of Z50 cps

verifying the above statement experimentally. I Since the very early
revolutions of Echo L1 it has been observed that a periodic fading occurred
on the signal originating from the telemetry transmltters. From a knowl-
edge of the location of these transmitters and from the fadingu observed it
was concluded that Echo I/was rotating and a period of 100 seconds per

zevolutlon w&s claimed. Were this indeed true, then for a conllguratlon
such that the axis of rotation of the balloon and the llne of sight of the

antenna were perpendicular to each other, a maximum spread in the
carrier frequency due to doppler would result. The maximum shift in
the above situation for monostatic operation and carrier frequency at

ZZ60 !VIc/sec would originate from the llmbs of the balloon; for Echo I/

it would be about Z0 cps. Thus, the maximum frequencies present in
the spectra should be about Z0 cps. All figures of PSD for Echo H, and
also for Echo I, show spectral broadening which, however, does not
extend to Z0 cps. In fact, at IZ cps the amplltudeof the spectral curves
is 10_0 or less o_ maximum amplitude.

Two spectral curves are shown in Fig. Z for data obtained on Echo I/
revolution Z6Z6. The data from Which Fig, Za was obtained indicated &
high slgnal-to-noi_e ratio, greater than +I0 dbs, and the data for Fig. Zb
indicated low signal-to-nolse ratio, less than +10 dbs. There is no apprecla_
difference between the two curves, indicating a reasonable accuracy in the
procedure of obtaining _he PSD curves. 'Fne accuracy of these curves was

1878-5 3
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increased by iinearizing the data before they were applied to the power

spectral density analyzer. In a complex system, such as the one used

for receiving the satellite-reflected signals, som_ non/Ine&ritle_" ure

usually present. Icwas found to be easiez to compensate for equipment

nonlinearities than to eliminat_ Lhemo i')escription of the analog corn-
5

pensating equipment and illustration of its use were given by O_ _ves.

The possibility that Echo II is rotating has been pointed out in

preceding discussion. A phenomenon that could readily be explained with

a postulated rotation of the satellite has been observed repeatedly.

Figure 1 shows a sample of the data analogous to +.hereceived signal strength.

It can be seen that the fluctuations are quite rapid, i.e., upwards to i0 cps.

On occasion it has been observed that the ampl.tude scintillations slow down

considerably. Counting the maxima and minima, ith_ s been established

that the condition for which there were one, or less, inaximurn and minimum

per second lasted about two mlnuteso If one accepts an exDlanation in terms

of doppler-shifted frequencies and interactions bet_veen them for the origin

of the rapid fluctuations, such as the ones shown in f'ig. i, then the con-

dition for which the rate of fluctuations is very slow calls for relatively no

doppler shift. Such would be the case _< i:_ _'_:L_of 1"otationof the satellite

and the line of sight to the antenr_% .--=.reessen1_lly coincident. Then all

the visible portions of the satellite would appear to move w{tb the .,lame

velocity, hence the doppler _hift v:ould be minimum. _'igu;_ _a was produced

f_'om data obtained during rev_ution Z653 when the scintillation rate was

normal; Fig. 3b %as produced f:.rorn _at portion of _/lepass ._, -vhich this

rate was at a minimtun. The s[ 'ra.lcurve in Fig. 3b is w.,_u:.._narrower_

as co_id be expected, indicatin_j_aa_ most of the energy is c[, e to do.

Three other Echo _ passes n._e been analyzed. Th %D curves

from these three passes are shown i: , zgs. 4-6. The_ _ :¢es are not

appreciably different from ,/_e " _:__pr_cee_._> oqes; t/_ V a:: very low

amplitudes bevond 10 cps and indicate that v_ost of t.h. _,_-gy is around

do. The accurate n_easurement of the spectrurn vet) =lose (less than

half a cycle) to dc is not possible with the analyzi,_g _q,_ipment. The

less-than-unity amplitudes near dc shown in Fige. 2-_8are caused by

the passband characteristics of the analyzing equipment.

The PSD curves of the two _cho I passes selected for comparison

with those obtained from Echo If=reflected signals are given in Figs. 7

and 8. The shape of t/_ese spectral curves is very similar to those of

Echo _i curves. They :iso indicate maximum energy near dc and show

that the amplitude by IZ cps is about I0_0 of the . _aximum amplitude.

They are apparently narrower, however, than the Echo II curves.

Since no rotation has ever been claimed for Echo I, the similarity of

the PSD curves obtained fron_ the two satellites raises the possibility

1878-5 4

1966087653-010



of existence of som_ mechanism which causes spectral broadening
aud which is common to both satellites. Such a mechanism could be

lonosl :, eric and/or atmospheric irregularities, it has been observed
ind reported earl_.er I that a 8.---.all but perceptible change in the
spectrum occurred as the position of the satellite changed during a
pass, This observation, however, requires more extensive docu-

mentation because the frequency Of operation is such that ionospheric

effects should no len_.r be significaut and atmospheric effects should
still he negligibly small. Another possib_]it7_ of course, is that much

o_ tlzv spectral broadening originates right at the transmitter. To
produce a very clear signal at a £reque-,_y of _Z60 "c/sec an _tccuracy
of one part in 109 is required; it is doubtful ",ha_ s_ n accuracy was main-
rained during transmission, The best available estim&te from. the trans-

mitt_.r s:.e puts the accurv.cy of the transmitted frequency at a few parts
in 108 . Thus, until spectral density curves of the transmitted signal becom
available, it is difficult to arrive at conclusions about the broadness of

the spectra or the rnechanism_s) causing spectral broadening, Howev_.r,
itcan be stated that the spectra of Echo I- and Echo H-reflectod sigr_als
are remarkably similar.

In conclusion, it can be s_id that th= power spoctral densRy curves

o£ passive satellite-reflectedsignals obtained by analog techniques from
linearized data indicate the followi_g:

(I) maximum energy content is near de,

(Z) the amplitude at IZ cps is !0% or less of maximum a.apiit-_de,_._

(3) there is a remarkable similarity between Echo i and Echo II
cut"yes,

LTI. POWER SPECTRAL DENSITY CURVES OF PASSIVE

SATELLITE REFLECTED SIGNALS OBTAINED

BY THE DIGITAL METHOD

The power spectral density curves of passive satellite-reflected

signals obtained from the autocorrelation _unction by "ourler Transform
technique are shown in Figs. 10-16. A small digital computer was
utilized to obtain these data. The curves were prepared from data obta:ne
during the same revolution as the ones used to oOtain Figs. Z-8. The

*.Private communication with Collins personr_el.
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maximum diflere_e in tlme between _he interv-_Is used for the analog

and digital curves is _bout two m_nutes; whenever possible the exact
same interval of data for both types of curves was usedt The frequency
resolution inhere:_t in the auto_orrelation functions is much better than

in the PSD curves obtained by the an_Iog method. The resolution of the
filter in the analog analyzing equipment was measured and found _o be

about 3 cps. The autocorrelatlon function was obtained by digitizing the
: data at the rate of 50 samples per second and using a sample length of

30 secends. Had the sample length been infinite and had there been a

periodic comi_nev.t at a frequency _o present in the original d_ta, _hen
the autocorrelation iunction would have also contained this periodic
componevt. The finite sample length and the sampling rate introduces

_._ error in the ACF. The magnitude of this error can readily be estimated;
it is on the order of 1/ or, where T is the sample length, It is seen tha_

the maximurr, error occurs for the slowest frequency. Soiodovnikov 6 shows
that for a Z% accuracy in the autocorrela_ion function the sample length

must be equal _o _+, least 10 To_ where T O = 1/fop and the maximum time
delay must be less than _.T o. Based on these figures • it may be stated
that the 30-second sample length permitted a Z_o accuracy to _erequencies

of 1/3 cps. The maximum time delay was always equal to 1T o. This is not
necessarily the accuracy o£ the I:_D curves l_roduced for the ACFs_ but it _
safe to assume that these PSD curves are at least several _imes more accurate

: than the ones produced with a filter whose half-power bandwidth was about
3 cps.

As it could have been ex___ted, the better resolution inherent in
the digital method_ as compared with the analog method., has yielded more

and finer detail in the power spectral density curves. J_nall of Fig_. 10-16
the maximum energy conter_: is shown tc be at, or very near, zero fre-
quency. This effect can be observed much better in these figures than in

Figs. _-8. A monochromatic signal re_lected by a perfect sphere would
yield a spectrum of a slngle Irr.pulse at f = 0. In the present case Ideal
conditions such as monochromatic signal _nd perfect surface for Echoes
c_nnot be assumed. Both the roughness and the relative motion of the
satellites contribute to the sp_c_.ral broadening. The large amplitudes
close to dc_ however_ indlca_e that these PSD _urves could be regarded

as composed of two partz: a narrow portion of large amplitude at dc
and a broa_ portion of re1_tively low amplitude, decreasing with fre-
quen¢_ and extending to 8 cps or more. The narrow spectrum at dc
would be associated with the specular return from the £1are spot on the

reilector_ and the broad portion of the spac_rumwould be kssoclated with
the diHuse return° Figure 9 i11ustrates this idea. It ca_ be stated that
both ]_choes have spectra h_dicating large specular returns from which

it Can be implied that these satel._Ites at 2260 Mc/sec appea_ to be Very

" 1878-5 _ 6

]966087653-0 ]2



good reflectors. From the spectral broadening observed in all spectra
it can be implied that the s_rf_ce of Ecboes is rough. It should be pointed
out again that the spectra of Echo I and of Echo II are remarkably
siratlar, even to the extent of observed maximum spectral broadening.

The power spectral density curves of Echo satellite-reflected signals
obtained by digital techniques, with improved frequency resolution from
linearized data indicate the following:

1. Maximum energy content is between dc and one cps,

2. The energy content by 8 cps and beyond that frequency
is negiigibly omall, and

3. Echo I and Echo II are very similar.

IV. SUIVIRIAKY

This report deals with the power spectra of Echo-reflected signals.
Echo H data are emphasized; some Echo I data are also included, The
signal was CW at 2260 Mc/sec, and the data were selected from Echo II

revolutions 2000-3500. Data collection, reduction, and analysis are
considered in the Appendix. The power spectra were obtained by analog
and digital techniques. The frequency resolution in the analog prODs was
about 3 c_s; much improved resolution was obtained by the digital tech-
nique. On thebasis of both these analyses it is concluded the maximum
energy is between dc and one cps, indicating large specular return from
these satellites. From this fact it can Be. implied that they are very good
reflectors at this frequency. It is also concluded that broadening is
present in all spectra which extend to about 8 cps; beyond 8 cps, how-
ever, the amplitude of the spectral curves is negligibly Fmall indicating
probable rough surfaces of Echoes,and indicating that the amplitude

scintillations faster than 8 cps are negligible reiati_ e to the amplitude
scintillations that are slower than 8 cps. The spectral curves of Echo I
and of Echo II were found to be remarkably similar.

1878-5 7
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VI. APPENDIX

A. Data Co!lection_ Reduction, and .__s

This report is one of a series dealing with various aspects of

Echo-reflected signals. There are actually two series of reports.

The earlier series consisted of six reports on the .oilowing subjects:

amplitude scintilla_icns / stationarity, _ power spectral density, z
probability density, s autoeorrelation (short term)9 and autocorrelation

(long term), l° The subjects considered in the present series are:

determination of arnblgui_/function of signal, II signal r£quirernents

for determining surface of satellite,1" amplitude scintillation,Is

apparent echo area) 4 power spectral densi.._f, Is probability density, 16
17 It

scattering function, autocorrelation (short term_ autocorrelation
e 19 ZO "(long t_rm) and depolarization effects° To ensure the successful com-

pletion of the planned series of reports some consideration must be given

to data collection, reduction, and analysis. The purpose of this appendix
is to cover the above three areas.

B. Data Collection

1. System Description

The receiving site is at The Ohio State Unlversi_y_s Antenna

Laboratory la Columbus, Ohio. The geodetic coordinates o£ the station

are 083°0_-130" West: Longitude, 49°00tI0" North Latitud¢, The re-

ceiving antenna is the tracking dish of the four-ele_uent, ad_.ptively

phased array. Aperture diameter is 30 feet, reflecting surface is o£ solid

material, and surface accuracy in terms of k/16 criterion is _ood to

15 Kmc/sec. The paraboloid is focal-fed; its gain is _2 +0.5 db over an

Isotropic antenna, n Polarization diversity is available: VP, HP; RCP,

LCP. The method of tracking is amplitude monopulse. The antenn-%-mounte

receiving components are shown in Fig. 17. The parametric amplifier

in the sum channel has Z0 db gain, noise figure between Z. 3-3.0 db, and

3 db bandwidth of 30 Me/see. The noise figure of the mlxer-preamplifier

is 8.5 db on double sideband basis, the gain is 40 db, and the 3 db band-

width is 8 Mc/sec. The first IF signal at 30 Mc/sec is brought down on

coaxial cable to the equipment van.

The block diagram o£ the stabilized local oscillator is shown ir_ Fig,

The local oscillator is locked in frequency to a reference crystal the fre-

qu,sncy of which is --oitage controllable necessary for tracking the doppler

shift, and it is locked in phase to another reference crystal, The local
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Fig. 17. Antenna-mounted receiving components, i
i

oscillator can be made to track the frequency and/or phase of the

incoming signal. The time constants in the loops of the ._scillator can " I
rcadily be adjusted for e_oe of acquisition or of tracking. --_

The IF signal-processing equipment is shown in Fig, 19. The

gain of the 30 MC and 3 MC section ofthe receiver is typically 75 dbs, !
the useful range is about Z0 dbs, and the bandwidth is successively
narrowed to about IZ KC-s. The Z lVIC outputs are down-converted

to 455 Kc/sec and with the phase-lock demodulators are further down- , I
converted to dc. Figure Z0 gives the block diagram of the phase-locked

demodulators. The output(s)of _e phase-locked demodulators are i!
recorded on magnetic tape and/or paper charts. Figure gl shows a J

simplified block diagram of the system. .,,

" The specificationsof the system are summarized below, I

I. Location: (a)083 ° 0Z' 30" West Longitude i

(b) 40* 00' I0" North Latit_de
(c) Center of radiation--830 feet above I_SL

1878-5 ZZ
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Z. Ante__na: (a) Type--paraboloid, solid surface, 0.040 ° RMS

(b) Mounting--AZ/EL

(c) Limits of movement--+360 in Azimuth_
-I" to iZ0 ° _levation

(d) Velocity !irn_t_--Z®/sec Azimuth

Z °/sec Elevation

(e) Acceleration limits--3 °/see z Azimuth
3_./sec2 Elevation

(f) Pointing Accuracy--+0.0 i"

(g) B eamwidth-- 1*

(h) Polarization--Linear or Circular

(i) Gain (rneasured)--4Z + 0.5 db at 2260 Mc

3. Phase-lock Tracking Receiver:

(a) Frequency--ZZ60 Mc

(b) Tracking mode--phase or frequency lock

(c) Noise figure--Z. 5 db

(d) IF Frequency--30 Me, Z.7 Mc, 455 Kc

(e) Bandwidth-- 1 Me/at 30 Me, narrowed down to
5 Kc at 455 Kc

(f) Frequency tracking accuracy--10 cps at i0 Mc

4. Communication Receivers: i

(a) Frequency--30 Mc

(b) IF _requency--Z. 7 Mc and 455 Kc

(c) Bandwidths--IZ Kc at Z.7 Mc, 5 Kc at 455 Kc

(d) Outputs--AM, PM, FM

5_ Tape Recorder, Magnetic:

(a) Model--Ampex

(b) Available channels--7, direct or fm

(c) Tape Width--I/Z inch

(d) Frequency response--0. I to IZ. 5 Kc direct

0 to I.Z5Kc fm

6. rape Recorder, Paper:

(a) Model(s)--I Sanborn 150(Z)
1 Sanborn 350

(b) Channels--4 + 8, total of iZ

(c) Speeds--I/4 to 100 mm/sec
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Zo t,'orma, for collected data

Prior to each time tracking oi a target is attempted the established

tuning and, calibrating procedure is accomplishe_ _ccordh_g to standard

operational practices, The results c_.th_se procedures are recorded in

the Station Log Book.

During tr_cki_g of Echo the following data will be recorded in the

format given below:

Magnetic Tape_ Recorde____r:

Channel I AM output, South receiver, FM recording

Channel g AM output, North receiver, FM recording

Channel 3 AM output, East receiver, FM recording

Channel 4 AM output, West receiver, FM recording

ch_n_I 5 Phase detector in master channel, FM recordi=_g

Channel 6 AM output, sum receiver, FM recordln=

Channel 7 Time and voice commentary: Direct recording

Paper Tape Recorder

1 Channel 1 AM output, North receiver

Channel Z _M output, East receiver

Channel 3 AM output, South receiver

Channel 4 AM output, West receiver

Tape Speed: Z I/Z mm/sec

II Channel 1 AM output Sum Receb. _r
Channel Z Relative Phase S-N baseline

Channel 3 Relative Phase S-E basel_e

Channel 4 Relative Phase S-W baseline

Time will be indicated wit/_ ticks at every second; additionally one-

minute markers _ill be provided and properly identified.

Digital Paper Tape_:

VCO frequency directly proportional to doppler to the nearest cycle
will be recorded as a function of local time to the nearest second, Im-

mediately after the completion of the ;racking the following form will be

completed; additional comments noting any unusual circumstances or

facilitating data reduction and analysis will also be noted.
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1. TARGET

2. PASS NO,

3. DATE

4. ZEBRA TIME

5. EST, TIME HR MIN AM PM

6. TRANSMITTER FREQUENCY

7. POWER LEVF, L

3. MODULATION

9. RECORDINGS

Power Level South North East West Su:.n

27 MC Phase S-N S-W S-E

Monopulse Errors Yes No Chart No.

Position Indicators Yes No Chart No.

Slave Errors North East West

Dis criminator Yes No

Z.7 MC Phase Detectors South North East West

455 KC Phase Detectors South North East West

Doppler Yes No Chart No.

!0. TAPE RECORDER rape Number

Channel 1 Direct FM

2 Direct FM

3 Direct FM

4 Direct FM

5 Direct FM

6 Direct FM

7 Direct FM

II. 4 CHANNEL SANBORN CI_&RT NUMBER

Channel 1 Calibration Yes No

Z Calibration Yes No

3 Calibration Yes No

4 Calibration Yes No

12. 8 CHANNEL SANBORN CHART NUMBER

Channel 1 Calibration Yes No

2 Calibration Yes No

3 Calibration Yes No

4 Calibration Yes No

5 Calibration Yes No

6 Calibrahon Yes No

7 Calibration Yes No

S Calibration Yes No

13. RECEIVER BANDWIDTHS (3 db)

North KC Ea st KC West KC

South KC

Z8
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14. P()LARIZATION OF ANTENNAS

North VP HP

East VP HP

West VP HP

South VP HP

15. TRANSMITTED POLARIZATION VP HP

16. NOISE FIGURE OF PARAMPS

North DB East DB, West DB South DB

17. BANDWIDTHS OF PARAMPS (3 db points)

No:,:th KMC to KMC

East KMC to KMC

West KMC to KMC

South KMC to KMC

18. LOCAL OSCILLATOR LOOP AFC Phase Lock

19. GAIN OF RECEIVERS

North DB, East DB, "" est DB, South DB

20. PHOTO u._ r'u_llluN DIALS ,_b ._v

Zl. PHOTO OF TARGET Yes No

ZZ. INTERVALS OF (ZO) sec, (gl) sec.

23. COMMENTS

Data Ix.Ling
Crew }Clenchers

Other

Z9
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C. Data iLeduction and A_zlysis

I.

Paper tape -haz+,s giving the AM output of t_e master tracking

antenna will be utilized. This recording is directly proportional to

the instantaneous received power leve; o. signal strength. The meas-

ured power level ca_ i _.e_.presscd as relative to the noise level of the

system with no signal in?u_% The cai_ula+.0.dpower level is based on

the radar range equation, _he comparison between these levels is

made by expressing tl_elev_;is in ter,ns oi the signal-to-noise ratio,

S/N. The noise figure, NF, o_ a receiver is given by the relationship

N i

where N R an,_ N i are the noise components due to the receiver and the i

input noise, resi_ectively. The input noise, Ni, i_ the product of the
an_b.e %t temperature, Boltzman's constant, and the band_vid[h:

{Z) N i = Tambien tx 1.38 X I0 "z3 o/_._es .< Af.

Hence,

',3) N r = (NF-I)N i = (NF-I)(Z70) × 1.38 × I0"z_ X Af watts.

One must consider, however, additional contributions from the antenna

temperature. For convenience one can lump into the term "antenna

temperature" the not quite absolute zero sky toward which the main lobc

of the antem_a is directed (measurements of antem, a temperature were

carried out with the antenna pointing to Zenith); the back-lobe pickup

from the Earth at ambient temperature; possible celestial sources in

the far side. lobes; and lesses in the transmissinn lines, switches, and

connectors. Th_ average value of the antenna temperature is IO0"K. zl

Thus the noise power output at the receiver output is

(4) PN = N R + NA watts;
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(5} PN = (NF-I)Ni+NA = [(NF-I) ZT0 + I00] 1.38 × i0"_3 × _f watts.

The noise figure is Z. 5 db and the narrowest bandwidth in the system in

IZ kc. Substituting these values inJ;oEq. (4), one obtains

16% PN = [(1.78-!) Z70+I00] × 1.38 X i0"*3 X I.Z X 10-4 watts;

Pi4 = I0 iog1013.73 X 1.38 X 10-17 ] - -163 dbw.

The result given in Eq. (6) was used as the calibration level relative to

which the measured Dower level was expressed as so m&ny db above
the _oise level of -163 (lb.

Having established that the noise level Js the -163 dbw level,

utilize the calibration curve plovided prior to and after the tracking to

establish a scale in steps of one db against which the instantaneous

power level can be determined.

To obtain an absolute measurement one can consider the method

o£ ca_ibr&tion itselfwhich was carried out by inserting a 30 Mc/sec

signal of known amplitud_ (-99 dbw) and adjusting the receiver and

d_modulator gains to yield one _olt dc output (full scale deflection).

Bv cornbining th's figure with the measured gains of the parametric

amplifiers and of the 30 Mc preamplifiers, and with the measured line

losses, one can readily arrive at a mease_:ed figure for a given power

level necessary to give full deflection.

A/tot having established two levels by two differen_ methods _/_e

calibration curve provided prior tc the p<%ss is utilized to obtain a value

for the i_,stantaneous received power level: From the instaneous recording

there will also be irlade an aver&g_d recording. The average received

power level (time constant, 7 _ 0.I second) will also be evaluated against
the c_libration scale on which the two levels described above have been

established. High-speed recordings, when needed, will also be made.

The data will be analy_.cd primarily for establishing the existence and

severity of amplitude scintillations. This will be done by compKring the

measured signal strength with the calculated one.

The following is an IBM 16Z0 computer program using OSU's

version of Fortran to solve the radar range equation. The parameters,

with the exception of PT' dR' and dT, were lumped into a single constant,
K. The value for K is given below for ranges in kilometers.
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_0 READ 3,|NDI,N|_N2,N3_N_,N59PT,FK

__ _ FORMAT (il_J_._a 15, 13, 15, I7,FT,3,E_5*8)

PUNCH 1 ....
-. I__..F__.0R_.M_j._.J_-_L_iSS N05X4HDATE6X5HZDATE )_

PUNCH._jNIeNZ,N3,N4,NS'PT'FK

PUNCH 2
PUNCH 4

4 FORMAT (OH ZTIME4X2HDR5X2HDT_0XZHPRgXgHIOLOGI0PR)

.... PV._j ............
..... K= FK_I o.__E_02....

IF (K) _0,55,50
50 PUNCH 5

GO TO 6O

55_PUNCH_ .....

_. 5 F0_MAT ._X21HH_N RANGE,KILOMETE_SSXSH_ATTSIOX3HDU_)

6 FORMAT__(4XZOHHR_N RANGEeNAUT=MI=6XSH_ATTSIOX3HDUW)
60 PUNCH.._.
70 READ 7,JNDI,JTIME,JDR,JDT.

7 FORMAT_.(II,17,17,17)
GO TO 65

30.0_= JO_
3T= JDT
PR= PTeFK/{D_eDR*DT*DT)

... FLOG=._3429448*LOGII;_:_)
PUNCH _JTIME,JDN,JDT,PR,FLOG

8 FORMAT (18_I7,17,EIT,8,FIO_I)

GO.TO ?0...
_ PUNCH

PUNCH 9
9 FORMAT (_X3HEND)

PUNCH
STOP 9999

, END

3Z
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Kk_ n = 0.4458113Z X I0-l.

The inputs to the program are transmitted power PT, in rnyriawatt_;

ranges dR, dT as functions of time; Lhe correct value of i_;and identi-
fying in/ormation_ i.e., pass number, date, and Zebra date.

Z. Echo area

The instantaneous signal strength recording from the magnetic

tape will be re-recorded on paper tape after passing the data through

an integrator whose time constant is two seconds. The computed level

will be plotted on the chart, w_ich corresponds to the _heoretlcal cross

section of the satellite for ah bist_tlc an_les between The Ohio State

University and Dallas. Where applicable, i.e., where the data are not

interrupted nor saturated, the pen deflection will be measured every

.h_o seconds relative to the calculated level and expr,$ssed in terms of

decibels with the aid of the calibration curve. The data will be analyzed

to yield primarily measured scattering cross section of Echo II, and

plotted to show these two-second averaged measurements as so many

decibels relative to the calculated scattering cross _ection.

3. Autocorrelation, probability density, a_d power

spectral density functions

To obtain the above functions the data will be reduced by two

methods: digital and analog. Each method will be described.

a. Digital method

To reduce the data by the digital method high-speed oscillographic

recordings will be made from the magnetic tape of [he instantaneous signal

level (AA_ output of _he demodulator). This recordk_g will be sampled at

least 50 times per second with an amplitude resolution of +I count ranging

from zero(noise level) to I00 (saturation level). P_ached c;,rds compatible

with the computer program given below will be prepa_red from _hese

sa,npled data. The calibration curve obtained from 1_e st;_rtof the mag-

r, etic tape will be accurately plotted and approximated in _he computer by

a tenth-order polynomial; thus an accurate correction factor will be

obtained for each sampled data point. This correction factor will be

such that the data will be linearized. The purpose of the computer

program is to yield the autocorrelation, probability density, an d power

spectral density functions of Echo-reflected signals. The output of the

computer will be plotted and analyzed. This program is given below.
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An additional computer prograrn is available to compute the
PSD from the ACFo This will be done as follows:

The ACF produced with the aid of the preceding program will be

plotted. This graph will, in turn, be approximated with straight-line

segments (as many as necessary to obtain accurate fit to the oliginal

curve)_ and the T and ¢(7) values at the break points tabulated. Further,

the mean square average value of the ACF will be ascertained. It is

estimated that this can be done within 15_0 for the ACids produced. The

T and ¢(7) values mentioned above and the estimated nzean square average

vahze will serve as inputs to the program given below, The output of

ibis program will be a PSD curve which is estimated to have a frequency

resolution of I/3 of a cycle and an upper limit of _B cps. These PSD

curves will be analyzed for the frequency con%ent ol LI,r u_nwanted

amplitude modulation (fading) on the cw signal,

b. Analog method

The block diagram shown in F[g_ ZZ illustrates the analog n-,anner

by which the po_er spectral density curves of a signal are obtained. The

l

|
I "

Osciiintor ] Avera_er Plotter

Fig. ZZ. Analog power spect-al density analyzer.

output of the detector is simultaneously recorded on chart paper for

visual display and on magnetic tape for data processing. The data

on the magnetic tape are re-recorded on a 30-second tape loop. This

loop is repeatedly plryed into a wave analyzer wherein it is used to

modulate a 97 Kc/sec carrier_ This relatively high frequency permits
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COMPTON, R.T., JR. DEC i, 1964

COMPUTED IZSD FROM ACT BY FOURIER TRANSFORM

SOURCE LANGUAGE STATEMENT

F FI (18) -

F FZ (ZFI6.4)-

F F3 (IPZEI6.4)-

DIM_'NSION (S(200), F{_00), SL(200)) -

START READ INPUT, FI, (NO)-

DO THROUGH (LS) ,M= I, i,M. LE. NO-

RE_D INPUT, FI, (N)-

READ INPUT, F2, (F(1),S(1))-

DO THROUGH (LI), I= Z, I,I.LE. N-

READ INPUT, FZ, (_-(I),S(1)_

L1 SL(I) = (S(9-S(I- I))/(F(I)-F(i- l))-
TRO = 0. -

DO THROUGH (L4) ,I<I=3, I,KI. LE. N-

1,4 TRO=TRO + (SL(KI)-SL(KI- I))*(F(KI-I). P° Z)/Zo -

TRO= TRO-SL(N)_(F(N). P. 2)/Z. -

X= 0.-

TX= !.3-

W_'.ITE OUTPUT_ F3,(X, TX)-

READ INPUT, FZ, (DELTA)-

READ INPUT, FI, (J)-

ETA=DELTA-

190 THROUGH (L2), L=I, I,L. LE. J-

TR=SL(Z) -

DO THROUGH _L3},K=3, I,K, LE. N-

L3 T R=TR+ (SL(K) -SI_ K- !))*COS. (F(K- 1)*ETA) -

TI_=TR-SL(N)* COS. (F(N)*ETA) -

T]{=-TR/(TRO*(ETA. P. Z))-

WI&ITE OUTPUT, F3, (ETA, TP0 -

LZ ETA=E TA+ DELTA-

L5 CONTINUE.,

END PROGRAM (START)-

39

1966087653-045



the ,.Ls¢ of crystal filters of select; ble bandwidf./_a of Z, 10, or 50 cps.
After demodulation, _J_eenergy contained in the selected bandwidth

reaches the multlpiter stage, __.£ter,='hichth_ averaging and integrating

process is completed and the output is recoraed on an x-y plotter as a

._unction of fteque._Acy. The frequency of th_ osclt!_.tor producing the
carrier _.s caused to sc_- at the same rate ;_ the tape-loop is being

repeated, i.e., if a crystal filter o£ Z cps bandwiath is selected and the

sample length i_ LJ seconds, the carrier frequency is shifted 2 cps

d_rillg the same time. The amplitude of the resultant curve is pro-

portional to the er_ergy in the bandwidth selected by the crystal £ilter_

centered on the frequency determined by the scanning oscillator from

whose frequency, in turn, the frequencies present in the data can be

determined. Sirnply_ the entire operation is equivalent to finding the
energy in the _ignal in a given bandwidth as tb_ts bandwidth is scanned

.AU*L_ _C _" ..... _ :tudio ¢=_q-,-v, cies i.e. it is _quivalent to finding _ e

power spectral density of the signal.

Analog equipment is also available to produce autocorrelRtlon and

probability densz_)- _unctlor,s of Echo-reflec_t =_als, however these

will not be described here since it is anticipate,_ _at improved results

will be obtained froln the digitized data.

4. Depolarization effacts

To determine depolarization effects data will be collected on

signa_ strength, with one antenna polarized the same as the transmitted
signal and another antenna oppositely polarized. The data will be re.-
duced in a mar_Ler similar to that described in Sections A and B above

and will be analyzed to determine the magnitude of the cross polarized

component relative to the direct received component of the signal.

The above data reduction and analysis are suitable for most of the

subjects to be _overed in the present series of planned reports. The

subjects of some of these reports are purely theoret_Pal and at least

one report is based on data already obtained. Hence, no data reduction

and analysis plan will be included for these reports.
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